A new Direction of Arrival (DoA) 
INTRODUCTION
Smart antenna technology extends the range, the capacity and increases the speed and efficiency of wireless communication systems. DoA estimation is a key issue in smart antennas, and several algorithms and techniques have been proposed and developed. The most widespread methods are the so-called subspace ones and the most popular amongst them are the MUSIC, the ESPRIT and their variants [1] . Recently the Matrix Pencil (MP) method, [2] , and various NN-based DoA finding algorithms, [3] [4] , have been introduced. DS-CDMA is a widely used access scheme in modern wireless communications, [5] , so the development of DoA estimation methods for smart antenna DS-CDMA systems is of great importance and applicability.
In DS-CDMA all users communicate at the same time and band. Consequently, the SOI (Signal of Interest) angle of arrival has to be estimated in the presence of a big number of other simultaneous signals that constitute the MAI. The referred DoA estimation methods are effective provided that the number of incoming signals is less than the number of the antenna elements. However, the last years there have been publications, [6] [7] [8] , that extend their use to CDMA systems. The DoA of the SOI is estimated by exploiting the suppression of the MAI by the de-spreading function of the code-matched filters. Thus, the problem is reduced to that of finding the angle of arrival of a single signal in the presence of a noise background.
In this paper, a DoA estimation method based on the concept of MAI suppression is presented. The technique is especially designed for a switched-beam DS-CDMA system and uses NNs. A SBS is a smart antenna system that relies on a fixed BeamForming Network (BFN), instead of a series of adaptive array processors, [1] . Such systems are quite popular, because they offer many of the advantages of the fully adaptive ones at less expense and complexity.
In contrast with the majority of DoA estimation algorithms, no computationally intensive and timeconsuming processes, such as eigenvalue decomposition or signal autocorrelation matrix computation, is used. The total received power is measured at the output of a code-matched filter and the measurements are fed to a properly trained NN that instantly gives the SOI DoA estimation.
SYSTEM DESCRIPTION AND SIGNAL MODEL
The uplink of a DS-CDMA system with P mobile users is considered (Fig. 1) K T T = is the processing gain of the SOI as it will be shown later. Each user's codeword is orthogonal to the codewords used by other users. The transmitted baseband signals during a bit period can be written as:
where v l is the signal amplitude of the l th user. The signals are received by a SBS whose basic components are: a) a linear array of eight, λ/2 spaced, microstrip patches, b) an 8×8 Butler Matrix (BM), [9] , which feeds the array, and c) a switching network that performs the beam switching using SPDT (Single Pole Double Throw) switches (Fig. 1) . The simulated radiation pattern of the eight beams of the described structure is shown in Fig. 2 . 
and the gain pattern of each microstrip patch is denoted by g(φ). For the k th bit of each user the total received signal is expressed by:
where h l is the received signal amplitude of the l th user. In this study only the users' signals are considered and not any other source of noise. The total signal at the switching network output (point 1 in Fig. 1 ) is given by:
where w i is the weight vector producing the i th beam of the BM. Let ( ) ( ) ( )
and the SOI be the p th user's signal. To simplify formulation, the symbol for the k th bit is omitted:
The first term represents the SOI and the second the MAI. The corresponding SOI and MAI powers are:
In order to pick out the SOI, a code-matched filter containing the codeword c p is applied to Y 1 . Due to the orthogonal property of the codewords, the resultant MAI term should be zero. However, the uplink operates asynchronously and the orthogonality breaks down. Thus, at the filter output (point 2 in Fig.  1 ):
where r lp is the correlation between the codeword of the l th and the p th user. For the power:
It is shown in [6] that r lp approaches a Gaussian random variable with zero mean and variance K. 
Equations (15) and (18) give that the desired signal is boosted by a factor of K, and the total power P 2T at point 2 is:
DOA ESTIMATION METHOD AND NEURAL NETWORK TRAINING
The proposed DoA estimation method is based on: a) the power control, and b) the suppression of the interferers through the application of despreading by the proper code-matched filter. Both conditions are inherent features of a DS-CDMA system. Due to power control all users' signals are received at the base station with the same power level. Therefore, the signal amplitudes in equation (19) are unity, and the contribution of each signal to the total power P 2T depends only on the radiation pattern and its angle of incidence.
Consider a random set of P signals arriving in a 120 ( , , , )
and thus a mapping between P 2 and the corresponding angle φ p and vector φ is established. This mapping is utilized to accomplish DoA estimation, using neuro-computational techniques. M sets of P angles of arrival are randomly generated. P-1 angles of each set compose the MAI angle of arrival vector φ m , and one angle φ p_m is the SOI angle of arrival. The index m denotes the m th angle vector or SOI angle. The random angle values are equal to integer multiples of 0.5 degrees, within the prespecified angular range. Our aim is to use the same NN for a maximum of 40 interferers. Thus, each set has different values for P, varying from 2 to 40 (i.e. 1 to 39 interferers). Equations (19) and (20) give the power vector P 2_m . Therefore, a collection of randomly created pairs (φ p_m , P 2_m ) is generated that is used as training set for the NN.
A Multilayer Perceptron (MLP) NN is used, [10] , composed by: 1) an input layer of eight nodes which is fed by the vectors P 2_m , 2) an output layer of one node that gives the corresponding DoA φ p_m , and 3) two hidden layers. The number of pairs composing the training set is 5000. The activation function of the hidden layers is the hyperbolic tangent function and the activation function of the output layer is linear. The NN training has been performed to MATLAB using the learning algorithm Levenberg-Marquardt (LM), [11] .
Since the training of the NN is over, the DoA estimation procedure is summed up to the following four steps: a) Simultaneous arrival of P signals. b) Beam switching and total power measurement for each beam at the output of the code-matched filter. c) Feeding of the trained NN with the measured power vector. d) NN calculation of the SOI DoA.
DOA ESTIMATION SIMULATIONS
In this section the results of simulated DoA estimations tests are presented. The simulations have been performed to MATLAB, following the procedure described in section 3. SOI DoA estimation has been tested over a number of 4000 independent runs, for 10, 20 and 40 simultaneous users. The processing gain is set K = 128 and K = 256. In Fig. 3 the estimated versus the real SOI DoA is plotted for 20 users. In Fig. 4 
CONCLUSIONS
A neural network based DoA estimation method for a switched-beam system has been presented. The de-spreading function of the code-matched filters and the power control of a DS-CDMA receiver is exploited. The technique is simple, fast, and effective even for a big number of simultaneous users. Improvement should be made concerning the DoA estimation and proper combining of the users' multipath signals that arrive at lower power levels. Moreover in a future work our aim is to train the NNs using the difference between the power measured before and after the filters. In this way the MAI could be almost completely suppressed and DoA estimation would be independent of the number of interferers.
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